The pH dependence of cytochrome a conformation in cytochrome c oxidase.
The pH dependence of the conformation of cytochrome a in bovine cytochrome c oxidase has been studied by second derivative absorption spectroscopy. At neutral pH, the second derivative spectra of the cyanide-inhibited fully reduced and mixed valence enzyme display two Soret electronic transitions, at 443 and 451 nm, associated with cytochrome a. As the pH is lowered these two bands collapse into a single transition at approximately 444 nm. pH titration of the cyanide-inhibited mixed valence enzyme suggests that the transition from the two-band to one-band spectrum obeys the Henderson Hasselbalch relationship for a single protonation event with a transition pKa of 6.6 +/- 0.1. No pH dependence is observed for the spectra of the fully reduced unliganded or CO-inhibited enzyme. Tryptophan fluorescence spectra of the enzyme indicate that no major disruption of protein structure occurs in the pH range 5.5-8.5 used in this study. Resonance Raman spectroscopy indicates that the cytochrome a3 chromophore remains in its ferric, cyanide-bound form in the mixed valence enzyme throughout the pH range used here. These data indicate that the transition observed by second derivative spectroscopy is not due simply to pH-induced protein denaturation or disruption of the cytochrome a3 iron-CN bond. The pH dependence observed here is in good agreement with those observed earlier for the midpoint reduction potential of cytochrome a and for the conformational transition associated with energy transduction in the proton pumping model of Malmström (Malmström, B. G. (1990) Arch. Biochem. Biophys. 280, 233-241). These results are discussed in terms of a model for allosteric communication between cytochrome a and the binuclear ligand binding center of the enzyme that is mediated by ionization of a single group within the protein.